Introduction
It is conuniiionly assumed, when considering the movement of carbon dioxide and oxygen through waxy coatings applied to fruits and vegetables as a preservative measure, that the movement of water vapor, as measured by loss in weight, is an index of the efficiency of the coating in impeding the movement of all gases. This obviously is not necessarily so, and some direct method of measuring the permeability of such coatings to oxygen and carbon dioxide would be of value in studying the behavior of fruits and vegetables which have been waxed to increase their storage life. This has been accomplished, using a small cueurbit fruit as a test object, by determining the effect of the coating upon the composition of gases in the internal cavity.
Methods and apparatus Although methods for the micro-analysis of respiratory gases are available, the micro-gas anialyzer of BLACET, MACDONALD and LEIGHTON (1) being perhaps the best, it was felt that the peculiar difficulties involved in performingi rapid successive analyses upon samples of gas withdrawn from the internal cavity of a pumpkin justified the designing of a new type of gas analyzer. In particular, it was desired to be able to draw samples of gas directly into the analyzer without the necessity of an intermediate transfer vessel, with its concomitant delay, disturbance of the fruit, and opportunities for contamlination.
This apparatus is shown in figure 1. Unlike that of BLACET et al., it makes free use of stopcocks, but these are so located that the gas which is being analyzed does not pass through them, nor is it possible for grease from them to dirty the burette. This design has the additional advantage of per-the burette by manipulationi of the levelling bulb, L, accompauiied by the opening of one of the stopcocks, A, B, or C. By openiug the correspondiug stopcock, gas may be made to pass into onie of the absorbers, D, E, or F, where it is retaiued until the pressure is so altered as to reverse the flow of the mercury, when it may be returned to the burette for measurement.
At the beginning of an analysis, the whole apparatus, exclusive of the compensator, G, is filled with mercury. By lowering the bulb and openilng the cock, H, gas is drawn into the svstem through the side tube. The side tube is closed, and one of the stopcocks on the absorbers is opened. AWThen the bulb is raised, the gas passes into the chamber, J, and downi into the burette. When the proper amount of gas is in the burette, the stopcock is closed and the bulb lifted to a level with the stopcock, K, which is then opened, expelling the excess gas. Then, without lowering the bulb, one of the absorber stopcocks is opened and the gas in the burette is brought into position for measurement, the upper part of the burette filling + with mercury. The stopcock, B, is turned to the position which connects the compensator with the burette, the pressure in the burette is adjusted, and the volhuue of the gas read.
The gas is passed successively into the absorbers by manipulation of the stopcocks and the levellina bulb, the volume being measured after each constituent is absorbed. When the analysis is complete, the residue is expelled through the stopcock, K, and the apparatus is ready for the next determiiination.
Oxygen is absorbed bv a bead of yellow phosphorus held on the end of a platinum wire. The bead is fornmed by melting, phosphorus unider water in a suitable mold. Carbon dioxide is absorbed by means of a pellet of sodium hvdroxide which is made to adhere to a platinumii wire by touching the red hot end of the wire to it, and water is removed by calcium chloride fused on a platinum wire. The phosphorus bead may be used for fromii three to six determinations, depending upon the quantity of oxygen, after which it may be renewed by washing with water. The sodium hydroxide mav be used considerably longer, and the calcium chloride indefinitely. Anv one of them may be renewed in one or two minutes without detaching the apparatus from the fruit. A 0.1-ml. sample of gas may easily be dried and analyzed for oxygen and carbon dioxide in fifteen minutes.
Certain precautions must be observed in the construction of the apparatus. The capillary tubingr used for the burette must be of uniform diameter, and all the seals in the capillary tubes, especially the four way seal, must be very smooth and regular, with a diameter no larger than that of the capillary. The corks which close the bottom ends of the absorbers must be of exceedingly fine grain, and quite firm, so as not to "give" to any great extent with the changing pressure in the apparatus.
In these experiments a small "squash" or more properly, pumpkin, of the variety Table Queen was used. Under sterile conditions a hole was cut in the stem end with a corkborer, and a capillary tube closed with a heavy rubber tube and screw clamp was inserted and sealed with vaseline. This treatment did not appear to harm the fruit. The fruits were waxed and immediately attached to the gas analyzer by means of the rubber tube. Before each analysis, a little gas was withdrawn and discarded in order to wash out the connection.
Three types of waxy coatings were tested in the present experiments, together with a heavy coating of paraffin, which presumably is quite impermeable to respiratory gases as well as to water, and was therefore used as a check. These treaments will hereafter be designated as A, B, and C. A was a commercial wax emulsion intended for use on fruits. It was of the dry-bright type and had a hygroscopic gloss-producing substance in its composition. B was a commercial dry-bright wax emulsion intended primarily for use on furniture, but which gave good results on many fruits. C was a very thin layer of spermaceti wax, of about the same thickness as the layers left by the emulsion waxes, but applied without the use of emulsifying agents. At regular intervals, measured from the time at which the coating was applied (not, in the case of the emulsions, from when the fruit was dry) samples of the gas in the internal cavity were withdrawn and analyzed for carbon dioxide and oxygen.
Results
The efficacy of these treatments in preventing water loss from the fruits was tested, and, on the basis of paraffin being 100 per cent. effective, treatment C was 73 per cent. effective, A, 43 per cent., and B, 13 per cent. effective. If the fruits were cut open after several days, it was found that the paraffined fruits and those given treatment A had strong odors such as might be due to anaerobic respiration, while those given treatments B and C had fresh sweet smells.
The results of the analyses of the internal gases are shown graphically in figure 2. It will be seen that in the fruits treated with paraffin, the oxygen had disappeared from the internal cavity within 90 minutes, while the carbon dioxide rose rapidly. In the case of treatment A, the oxygen again is exhausted rapidly, but here, the carbon dioxide does not start to increase until an hour and a half has passed, this being approximately the time required for the wax emulsion to dry on the fruit. With B, again the oxygen falls off rapidly, but in this case, the carbon dioxide increases at once, and after a little, the oxygen concentration rises, until at the end of a day it is up to six per cent., while the carbon dioxide holds at a level about a third above the initial level. Finally, with treatment C, the oxygen falls off rapidly to a certain point, after which it increases almost as rapidly to practically the original level, and the carbon dioxide increases rapidly to a fairly high level, which is maintained. 
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Discussion
It need not be further emphasized that these treatments differed radically in their effect upon the composition of the internal atmosphere of the fruit, and that these changes are in no way predictable from the efficacy of the treatments in preventing loss of water.
The results obtained may be explained if it be assumed that a high carbon dioxide content in the fruit was capable of anaesthetizing respiration. On this basis, a wax, in order to be successful in maintaining proper conditions within the fruit, ought to have a relatively low permeability to carbon diox-ide, in order to permit the concentration of this gas to build up inside the fruit; and a high permeability to oxygen in order to prevent anaerobiosis. The wax C meets this requirement well. With the treatment A, the converse held true, the carbon dioxide produced being readily lost, at least during the early stages of the treatment, and the oxygen consumed being too slowly replaced. Finally the oxygen is gone, not enough carbon dioxide has been accumulated to slow down respiration, and anaerobiosis sets in. Treatment B apparently is just on the border-line, escaping the state of A only by a hair's breadth. It is worthy of mention, however, that of a dozen or so fruits given each treatment, all of those given A spoiled and all of those given B were good.
It is apparent, therefore, that there is much to be learned about the behavior of wax coatings on fruits that cannot be discovered from studies of moisture-loss control. It is to be hoped that studies along the lines indicated will lead to substantial advances in the technique of preserving fruits and vegetables by waxing. The present method ought to be capable of application to any fruit or vegetable having sufficient air space in its interior to permit the withdrawal of a few tenths of a ml. of gas for analysis.
It is also possible to attach a device for extracting gases in a Torricellian vacuum to the analyzer. Using such a device, studies have been made on the effect of coating rutabagas with paraffin on the composition of their internal gases. Rutabagas are coated with a fairly heavy layer of paraffin in commercial practice, this preserving them in good condition for many months. It was found that the oxygen quickly disappears within the root, the carbon dioxide increasing rapidly at first and then falling off slowly. Upon testing, it is found that this tissue produces little or no carbon dioxide under anaerobic conditiolns, nor is alcohol or any other substance which alters the food value or palatability of the root formed. This matter is worthy of further investigation. Conclusions A micro-gas analyzer is described, together with a technique for testing the permeabilities of waxy coatings to respiratory gases, using a cucurbit fruit as a test object. 
